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AN ULTRAVIOLET ROCKET STELLAR SPECTROMETER 

by 
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N a t i o n a l  Aeronau t i c s  and Space A d m i c i s t r a t i o n  

G r e e n b e l t ,  Maryland 
U. S .  A.  

ABSTRACT 

The U l t r a v i o l e t  Rocket Spec t romete r  (WR) was 

developed  t o  measure s t e l l a r  s p e c t r a  i n  t h e  wavelength 
i n t e r v a l  11008 t o  40008. 
Dall-Kirkham t e l e s c o p e  which p r o v i d e s  i n p u t  t o  a 

s p e c t r o m e t e r  u t i l i z i n g  a p lane  g r a t i n g  i n  convergent  

l i g h t .  The f/#11.9 sys tem is s u c h  t h a t  t h e  a p p a r e n t  

coma of t h e  p l a n e  g r a t i n g  is compensated f o r  by t h e  
coma of  t h e  t i l t e d  s p h e r i c a l  s p e c t r o m e t e r  m i r r o r .  

Two e x i t  s l i ts  a r e  l o c a t e d  a t  compromise f o c a l  p o s i t i o n s  
and c o v e r  t h e  t o t a l  s c a n  of 29008 i n  two bands w i t h  

a c e n t r a l  o v e r l a p  of approximate ly  13008. S p e c t r a l  
s c a n  is cam o p e r a t e d  and g r a t i n g  p o s i t i o n  is i n d i c a t e d  
by a marker  g e n e r a t o r  r e l a t e d  t o  cam r o t a t i o n .  The 

a b s o l u t e  r e sponse  f u n c t i o n  of t h e  f l i g h t  u n i t  i s  e s t a b -  

l i s h e d  by t h e  s imul t aneous  exposure  of t h e  c a l i b r a t e d  

p h o t o m u l t i p l i e r s  (PMT) and t h e  W R  t o  t h e  same 
monochromatic beam of c o l l i m a t e d  l i g h t .  Analyses  

of s p e c t r a  r eco rded  i n  t h e  l a b o r a t o r y  i n d i c a t e  

performance c o n s i s t e n t  or  b e t t e r  t h a n  t h e  3 

w i d t h  of t h e  WR e x i t  slits. 

The WR c o n s i s t s  of a 33 c m  

n 

- 
I. INTRODUCTION 

The W R  was developed t o  measure s t e l l a r  s p e  

wavelength  i n t e r v a l  11008 t o  40008. 
of  Northampton, Massachuse t t s  des igned  and f a b r i c a t e d  t h e  

i n s t r u m e n t  under  t h e  d i r e c t i o n  of  t h e  Goddard Space F l i g h t  C e n t e r  

of  t h e  N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n .  The r a y  

The Kollmorgen C o r p o r a t i o n  



t r a c i n g  t echn iques  u t i l i z e d  i n  d e v e l o p i n g  t h e  o p t i c s  sys t em were 
p r e s e n t e d  t o  t h e  O p t i c a l  S o c i e t y  of  America i n  1963 (1)  . 

11. DESCRIPTION OF THE W R .  

The WR is i n t e n d e d  t o  be mounted p a r a l l e l  t o  t h e  long- 

i t u d i n a l  a x i s  o f  t h e  38 c m  d i a m e t e r  Aerobee r o c k e t .  The b a s i c  

in s t rumen t  is approx ima te ly  33 c m  i n  d i a m e t e r ,  163 c m  l o n g  and 
weighs 45 .5  kg. A s  a f l i g h t  u n i t  w i t h  nose cone  and m i s c e l l a n e o u s  
i t e m s  t h e  weight  is  i n c r e a s e d  by rough ly  12 kg and t h e  l e n g t h  
by 115 c m .  It  c o n s i s t s  of a s p e c t r o m e t e r  and t h e  l a r g e s t  a p e r t u r e  

c o l l e c t i n g  o p t i c s  c o n s i s t e n t  w i t h  t h e  r o c k e t  d i a m e t e r  and t h e  
n e c e s s a r y  s u p p o r t  s t r u c t u r e ,  The W R  is i l l u s t r a t e d  t o  s c a l e  i n  

F igu re  1. 

I n  o r d e r  t o  minimize t h e  number of s u r f a c e s ,  t h e  p l a n e  
g r a t i n g  is i l l u m i n a t e d  i n  conve rgen t  l i g h t  r e s u l t i n g  i n  a comat i c  

image(2) .  
beam by t i l t i n g  t h e  s p h e r i c a l  s p e c t r o m e t e r  m i r r o r .  Both comae 
a r e  l i n e a r  f u n c t i o n  of  wavelength .  The lower "V" shaped  p l o t  

i n  F i g u r e  2 is t h e  r e s u l t  o f  c o r r e c t i n g  t h e  g r a t i n g  coma a t  mid- 

wavelength  by m i r r o r  t i l t .  The g r a t i n g  coma dominates  a t  t h e  

h i g h e r  wavelengths  and t h e  coma due t o  t h e  t i l t e d  mirror  a t  t h e  
lower wavelengths .  I n  t h e  W R ,  an  f /11 .9  sys t em,  t h e  m i r r o r  t i l t  
n e c e s s a r y  t o  minimize t h e  a b e r r a t i o n s  a t  mid-wavelength,  25508, 

is computed t o  be 2.3744O. 

C o r r e c t i v e  coma is i n t r o d u c e d  i n t o  t h e  conve rgen t  

The s p h e r i c a l  a b e r r a t i o n  c o n t r i b u t e d  by t h e  s p e c t r o m e t e r  

m i r r o r  r e q u i r e s  t h a t  t h e  c o l l e c t i n g  o p t i c s  be  o v e r - c o r r e c t e d ,  
The r e s u l t  is a c l a s s i c a l  D-K t e l e s c o p e  w i t h  its secondary  s h i f t e d  
o u t  of p o s i t i o n  l o n g i t u d i n a l l y ,  see F i g u r e  1. The f i n a l  p o s i t i o n  

of t h e  t e l e s c o p e  secondary  is 0.584 c m  from i ts  D-K p o s i t i o n  

toward t h e  pr imary and causes  t h e  t e l e s c o p e  f o c a l  p o i n t  t o  s h i f t  

3 .233 c m  t o  t h e  p l ane  of t h e  e n t r a n c e  s l o t .  Under t h e s e  c o n d i t i o n s  

t h e  t e l e s c o p e  is  o v e r - c o r r e c t e d  by t h e  p r o p e r  amount and s i g n  
n e c e s s a r y  i n  o r d e r  t o  minimize a l l  a b e r r a t i v e  c o n t r i b u t i o n s  t h e  
W R  makes t o  l i n e  wid th .  

\ 

The WR w i l l  normal ly  u t i l i z e  t h e  t w o  e x i t  s l i ts  i n d i c a t e d  
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i n  F i g u r e  1. The s l i ts  a r e  l o c a t e d  a t  compromise f o c a l  p o s i t i o n s  
and c o v e r  t h e  t o t a l  s c a n  of 29008 i n  two bands w i t h  a c e n t r a l  
o v e r l a p  of g r e a t e r  t h a n  13008. 

f o r  t h e  f l i g h t  u n i t s  t o  be  e q u i v a l e n t  t o  38 or approx ima te ly  0.015 

c m .  

The e x i t  s l i t  width  was chosen  

The WR is t h u s  e s s e n t i a l l y  " e x i t  slit  l i m i t e d "  and t h e  

performance i n d i c a t e d  by t h e  r e s p e c t i v e  e x i t  s l i t  c u r v e s  i n  

F i g u r e  2 cannot  be r e a l i z e d .  Except a s  i n d i c a t e d  by t h e  r e f e r e n c e  

t o  " e x i t  s l i t  l i m i t e d " ,  F igu re  2 is t h e r e f o r e  t h e  computed 
performance of  t h e  f l i g h t  u n i t s .  A c t u a l l y ,  i f  t h e  g r a t i n g  d r i v e  

c o u l d  be slowed down enough, it s h o u l d  be p o s s i b l e  t o  d e c i p h e r  

t h e  c o n t r i b u t i o n  t h a t  t h e  W R  makes t o  l i n e  width.  

F i g u r e  3 i l l u s t r a t e s  t h e  f o c a l  s u r f a c e s  t o  which an  

a p p r o p r i a t e  emuls ion  must be formed i n  o r d e r  t o  use t h e  WR a s  a 

s p e c t r o g r a p h .  The r e l a t i o n s h i p  of g r a t i n g  p o s i t i o n s  and t h e  
r e s p e c t i v e  f o c a l  s u r f a c e s  t o  t h e  e x i t  slits i n d i c a t e  t h a t  some 

advantage  can  be t a k e n  of t h e  f a c t  t h a t  a l l  o f  t h e  f o c a l  s u r f a c e s  
have a r a d i u s  of 29 .21  c m .  I n  t h e  nominal or Bo p o s i t i o n  of t h e  

g r a t i n g  t h e  op t imized  wavelength ,  25508, would f a l l  on t h e  o p t i c a l  

a x i s  and t h e  emulsion s h o u l d  r e c o r d  t h e  wavelengths  from rough ly  
20008 t o  3000%. Also t a k e  n o t e  i n  F i g u r e  3 of t h e  f o c a l  s u r f a c e  

f o r  z e r o  o r d e r  image. 

111. DEMONSTRATED PERFORMANCE O F  A W R  FLIGHT UNIT - 
The M a j o r i t y  of  t h e  s t a r s  which a r e  v i s i b l e  t o  t h e  human 

eye  from t h e  ground have e f f e c t i v e  t e m p e r a t u r e s  whose wavelength 

of maximum r a d i a n c e  is below 30008. 

opaque t o  r a d i a t i o n  of wavelength s h o r t e r  t h a n  30008. 

a t  t h e  s h o r t e r  wavelengths  a r e  t h e r e f o r e  n e c e s s a r y  i n  o r d e r  t h a t  

t h e o r e t i c a l  p r o g r e s s  can  be made. 

The e a r t h ' s  atmosphere is 
O b s e r v a t i o n s  

The WR, a s  a payload f o r  t h e  Aerobee, can  spend abou t  300 

seconds  above 100 km. The e n t i r e  300 seconds  a r e  n o t  a v a i l a b l e  
f o r  o b s e r v a t i o n  n o r  is  i t  d e s i r a b l e  t o  expend t h e  l a r g e  amount 

of e f f o r t  f o r  one o b s e r v a t i o n .  I t  is of g r e a t  impor tance  t o  be 

a b l e  t o  obse rve  s e v e r a l  s t a r s  of c h o i c e .  T h e r e f o r e ,  t h e  WR 

f l i g h t s  w i l l  have programmed guidance and do r e q u i r e  t h e  same. 
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The s p e c t r a  of  one or more, p robab ly  two, s t a r s  of 3rd magnitude 
or b r i g h t e r  w i l l  be t h e  t a r g e t s  of  immediate i n q u i r y .  

The f l i g h t  d e t e c t o r s  mounted a t  s l i t  #1 and #2 a r e  EMR t y p e  

542F-08 and 542D-03 r e s p e c t i v e l y .  The former  h a s  a Cs-Te photo- 

ca thode  and a LiF window w h i l e  t h e  l a t t e r  h a s  a B i - a l k a l i  photo- 

ca thode  w i t h  a s a p p h i r e  window. 

F igu re  4 is a r e p r o d u c t i o n  of C d  s p e c t r a  and t h e  r e l a t e d  

marker  g e n e r a t o r  s i g n a l s  r eco rded  u s i n g  t h e  f l i g h t  d e t e c t o r s ,  

l a b o r a t o r y  e l e c t r o m e t e r s  and r e c o r d e r .  S p e c t r a l  s c a n  is cam 
o p e r a t e d  w i t h  t h e  a n g u l a r  p o s i t i o n  of  t h e  cam i n d i c a t e d  by a 

marker  g e n e r a t o r  p h y s i c a l l y  r e l a t e d  t o  t h e  cam. P roceed ing  from 

a p o i n t  midway between t h e  two p u l s e s  of  s h o r t  d u r a t i o n  on t h e  

l e f t  of F igu re  4 t o  t h e  c o r r e s p o n d i n g  p o i n t  i n  t h e  p u l s e  t r a i n  
on t h e  r i g h t  is a complete  r e v o l u t i o n  of t h e  cam and t o o k  57.5 

seconds .  I n  t h i s  i n t e r v a l ,  41.3 seconds was consumed by a s low 
s p e c t r a l  fo l lowed  by go of cam dwel l  and 13.4 seconds  f o r  a 

f a s t  s p e c t r a l  s can  r e t u r n  and i ts  9 cam d w e l l .  The prominent  
s p e c t r a l  f e a t u r e s  i n d i c a t e d  from l e f t  t o  r i g h t  i n  t h e  r e c o r d  

for sl i t  #1 a r e  3261,  2981, 2881, 2288,  2265 and 21448 ' s .  
t h e  same manner, t h e  s p e c t r a l  f e a t u r e s  i n d i c a t e d  i n  t h e  r e c o r d  
f o r  s l i t  #2 a r e  3611, 3466,  3404,  3261,  2981,  2881,  2288 and 

2 2 6 5 % ' ~ .  The f a s t  s c a n  i n  e a c h  c a s e  is a r e p e t i t i o n  i n  r e v e r s e  

of what was r eco rded  d u r i n g  t h e  s low s c a n .  A l l  o f  t h e  s t r u c t u r e  
i n d i c a t e d  has  been i d e n t i f i e d  a s  due t o  t h e  e m i s s i o n  from Cd. 

0 

I n  

The f i n a l  c a l i b r a t i o n  and a l ignmen t  of t h e  WR is performed 
w i t h i n  a vacuum c a l i b r a t i o n  t a n k .  The t a n k  houses  a 40 c m  D-K 

t e l e s c o p e  which c o l l i m a t e s  t h e  o u t p u t  of a vacuum monochromator. 

The a b s o l u t e  r e sponse  f u n c t i o n  of t h e  f l i g h t  u n i t  is e s t a b l i s h e d  
by t h e  s imul t aneous  exposure  of c a l i b r a t e d  PMT's and t h e  WR 
t o  t h e  same monochromatic c o l l i m a t e d  beam. 
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